We investigated the morphological relationships among 8 populations of Sorex caecutiens/shinto group in East Asia using 11 cranial and dental characters and four external characters. Univariate and multivariate analyses of these characters failed to distinguish S. caecutiens and S. shinto. Morphological characters were, in fact, continuous between populations. Sorex shinto from Honshu was similar to S.
Introduction
Sorex caecutiens LAXMANN, 1788 and S. shinto THOMAS, 1905 are closely related and form the monophyletic Sorex caecutiens/shinto group (OHDACHI et al. 1997 (OHDACHI et al. , 2001 ). The taxonomic position assigned to populations of this group has changed repeatedly since the initial description of S. shinto (THOMAS 1907 ) from Honshu, Japan. And the taxonomic status of local populations in the Japanese Islands and their vicinity has varied greatly among researchers (DOKUCHAEV et al. 2000) . A major cause for the taxonomic debates around the S. caecutiens/shinto group is the difficulty of interpretating the morphological relationships among populations (DOKUCHAEV et al. 1999; HUTTERER and ZAITSEV 2004) . It is now widely accepted, however, that S. caecutiens and S. shinto are two separate, though closely related, species, on the basis of genetic investigations of Sorex phylogeny (GEORGE 1988; OHDACHI et al. 1997; FUMAGALLI et al. 1999; NAITOH et al. 2005 ). In addition, DNA analyses indicate that S. caecutiens occurs on the Eurasian Continent, Sakhalin, Hokkaido, and neighboring small islands whereas S. shinto is distributed in Honshu, Shikoku, and Sado in the southern parts of the Japanese Islands ( Fig. 1) (OHDACHI et al. 2001 (OHDACHI et al. , 2003 NAITOH et al 2005) . Furthermore, specimens from Cheju island are clearly assignable to S. caecutiens according to mitochondrial DNA, cytochrome b (mtDNA cytb) (OHDACHI et al. 2003 , and nuclear ribosomal RNA (NAITOH et al. 2005) . However, this assignment has not yet been formally described by any conventional protocol After we obtained phylogenetic information of the S. caecutiens/shinto group, we investigated the morphological relationships among populations and species of the S. caecutiens/shinto group, especially in East Asia, to assess morphological variation among them. DOKUCHAEV et al. (1999) studied morphological variation among all subspecies (ssp. shinto, shikokensis, and sadonis) of S. shinto, and S. caecutiens in Hokkaido and found that there was a significant difference between the two species. However, they did not analyse S. caecutiens samples from Sakhalin, mainland Eurasia, the Korean peninsula, and Cheju Island.
The aim of this study therefore was to investigate morphological variation among samples of S. shinto from Honshu, Shikoku, and Sado and of S. caecutiens from Hokkaido, Sakhalin, Primorye, the Korean peninsula, and Cheju. We compared the morphological relationships with the phylogenetic groups reported in earlier molecular investigations. In addition, we name the Sorex population from Cheju
Island by a traditional protocol based on morphology.
Material and methods
We examined six individuals from southern Sakhalin, 36 from Hokkaido, 13 from Primorye (Ussuri region), seven from the southern Korean peninsula, 11 from Cheju Island for S. caecutiens, and 37 individuals from Honshu, two from Sado, and eight from Shikoku for S. shinto (Fig. 1 , Tab. 1). Of the 11 specimens from Cheju, the first six specimens were captured from elevated sites on Mt. Halla (elevation 1,100-1,300 m) between 15th and 17th August 1994 (by HSO). The other five were collected from nearby sites in 1999 (by SDO & colleagues). Specimens were young-of-the year, with one exception, to control for morphological differences between young (immature) and adult (overwintered) shrews. The exception was one specimen from Shikoku that had overwintered and is the type specimen of S. shinto shikokensis (specimen code, HA1212 = NHM13311). In general, the body size of young soricine shrews shows little age difference until just before sexual maturity.
Data from both sexes were pooled because a preliminary investigation showed no significant sexual differences in cranial and external dimensions for young-of-the year in the S. caecutiens/shinto group.
Four external (e.g., ABE et al. 1994 ) and 11 cranial and dental dimensions ( Fig. 2) were measured and recorded. The external measures were body mass (measured to the nearest 0.1 g), head and body length (total length minus tail length, both measured to the nearest 0.5 mm), and hind foot length (to the nearest 0.1 mm).
Cranial characters were measured using digital vernier calipers to the nearest 0.01 mm. The dental traits were measured by use of an ocular micrometer mounted in a binocular microscope.
Multivariate principal component analysis (PCA) and cluster analysis using external, cranial, and dental characters were carried out using JMP V. 5.0.1J (SAS Institute Inc.).
Results
Cranial and dental characters and PCA (Fig. 3 ). In addition, there was a positive correlation between the greatest skull length and relative basal width of Pm 4 mesostyle in S.
caecutiens except for population on Cheju Island (Spearman rank correlation, P = 0.0002). This showeda clinal change from individuals on the Korean peninsula, via
Primorye and Hokkaido, to Sakhalin (Fig. 3) . However, Cheju individuals did not fit this cline because of their unexpectedly large skulls (Fig. 3) . Thus, the shrews from caecutiens from the Korean peninsula small PC2 values (Fig. 4-B) .
Cluster analysis
Cluster analysis based on 11 cranial and dental characters showed the morphological similarity between S. shinto from Sado and Sikoku islands and S.
caecutiens from Cheju Island ( Fig. 5-A) . Sorex caecutiens from Hokkaido and Sakhalin formed one cluster, as did S. caecutiens from the Korean peninsula and
Primorye. Sorex shinto from Honshu was closest to the Korea and Primorye clusters (Fig. 5-A) .
Based on four external characters, S. shinto from Shikoku and Sado and S.
caecutiens from Cheju formed a cluster ( Fig. 5-B) . As in the cluster analysis of cranial and dental characters, S. caecutiens from Hokkaido and Sakhalin and those from the Korean peninsula and Primorye formed distinct clusters (Fig. 5-B 1997; FUMAGALLI et al. 1999; NAITOH et al. 2005; OHDACHI 2005 ). Our study also shows the difficulty of using morphometrics to distinguish S. caecutiens and S.
shinto. DOLGOV ( It is worth noting that morphological variation based on skull and external measures is great among populations of S. caecutiens from the Eurasian continent and Sakhalin, whereas there is little genetic differentiation among these populations based on mtDNA cytb sequences (OHDACHI et al. 2001 (OHDACHI et al. , 2003 OHDACHI 2005) and restriction fragment length polymorphism (RFLP) of the nuclear ribosomal RNA (NAITOH et al. 2005 ). This may imply that morphological change among populations of S. caecutiens is faster than their genetic change.
Sorex caecutiens on Cheju Island has the largest body size among shrews of the S. caecutiens/shinto group in East Asia. Not only S. caecutiens on Cheju
Island, but also S. shinto from Shikoku and Sado islands had large body size. These three islands are small and isolated. Additionally, S. caecutiens from two small islands in the northern Kuril Islands also showed larger body size than their mainland counterparts from the nearby Kamchatka Peninsula (VORONOV 1974; OKHOTINA 1993) . In general, individuals of insular populations of small mammal species tend to have larger bodies than their mainland counterpart (e.g., FOSTER 1964; LOMOLINO 1985; DAMUTH 1993) . This phenomenon is called the "island rule".
Thus, morphological similarity among the three shrew populations from small offshore islands in the present study may be the result of convergence related to their insular habitats.
The diploid chromosome number (2n) of the S. caecutiens/shinto group is 42 and diploid number of chromosomal arms (NF) 70 (or 68) (ZIMA et al. 1998 ).
Sorex caecutiens from Cheju also shows the same numbers (2n, NF) as in the other populations of the S. caecutiens/shinto group (OSHIDA et al. 2005) . However, the banding pattern of chromosomes in S. caecutiens from Cheju is similar to that of S.
shinto rather than to that of S. caecutiens from Hokkaido and, probably 
